Severe aortic stenosis (AS) is associated with considerable morbidity and mortality and is increasing in prevalence as the global population increases. Since AS primarily affects the elderly, many of these patients have comorbidities that make them poor candidates for the gold standard treatment for AS, surgical aortic valve replacement. Transcatheter aortic valve replacement has emerged as a novel technology for the management of AS in higher risk patients over the past decade. Randomized trials have established the safety and efficacy of transcatheter aortic valve replacement, and the medical community has rallied to identify the patients who are most suitable for this transformative treatment. This review focuses on outlining the key procedural differences, describing the unique challenges of both operations, and finally assessing and comparing outcomes both on a general level and in challenging patient subgroups. Keywords: aortic valve replacement, transcatheter aortic valve replacement, surgical aortic valve replacement
Introduction
Aortic stenosis (AS) is the most common acquired valve disease in elderly patients with a prevalence of ∼2.8% in those aged 75 years or older, 1 a population that is globally increasing at a rapid rate. Treated with medical therapy alone, severe AS is associated with a 50%-70% mortality rate within 2 years. 2 Currently when replacement of the aortic valve is indicated, two mainstream treatment pathways are available: 1) the traditional, "gold standard" surgical aortic valve replacement (SAVR) with a biological or mechanical prosthesis and 2) transcatheter aortic valve replacement (TAVR). Several intriguing variations of SAVR with minimally invasive/sutureless techniques exist and are practiced worldwide, but those are outside of the scope of this review, which will focus on outlining the procedures and data acquired to date about the outcomes and patient selection for SAVR and TAVR, each with their unique set of advantages and challenges. 80% of patients requiring SAVR. 4 This likely reflects the increasing age in the operated population as surgeons wish to avoid anticoagulation, and the slightly improved durability of mechanical valves does not play a critical role in clinical decision-making for the elderly cohort. 5 TAVR can be performed via several access routes including the following: -Femoral artery (percutaneous transfemoral or TF-TAVR) -Apex of the left ventricle (transapical or TA-TAVR performed through a left mini-thoracotomy) -Distal ascending aorta (transaortic or TAo-TAVR performed through a upper mini-sternotomy) -Axillary artery (trans-subclavian or TS-TAVR through a surgical cut-down) -Right common carotid artery (transcarotid or TC-TAVR through an incision in the lower neck) -Femoral vein (crossed over to arterial side through an aortocaval fistula referred to as transcaval or TCvl-TAVR).
In some cases, TF-TAVR can be performed in the catheterization laboratory with conscious sedation, 6 and patients can be eligible for a fast-track hospital stay. 7 However, the utilization of non-transfemoral (also known as alternative access) TAVR approaches currently necessitates general anesthesia and at least a hybrid operating room setup.
While several novel valves are currently undergoing development and clinical testing, two TAVR valves are commercially available in the USA: the balloon-expandable SAPIEN system (Edwards Lifesciences, Irvine, CA, USA) and the self-expanding CoreValve prosthesis (Medtronic, Inc., Minneapolis, MN, USA). The transapical, antegrade approach is currently available only with the SAPIEN valve, while the transaortic techniques can be used by both valve systems. Generally, the trans-subclavian technique is utilized with the self-expanding prosthesis. The current generation of the balloon-expandable valves is available in sizes 23 mm, 26 mm, and 29 mm, and the self-expanding valve comes in sizes 23 mm, 26 mm, 29 mm, and 31 mm.
Both transcatheter heart valve systems have been available in Europe for over a decade. In the USA, the Edwards-SAPIEN valve gained Food and Drug Administration (FDA) approval in 2011 and the Medtronic CoreValve in 2014. The operative details of TAVR procedure have been published previously. 8
Patient selection -what is high risk?
Appropriate patient selection is the prerequisite of success for any surgical procedure. Currently, TAVR is indicated for patients with severe symptomatic AS who are considered either ineligible or high risk for SAVR due to comorbidities or technical issues. An evaluation of the Society of Thoracic Surgeons Adult Cardiac Surgery Database notes that ∼6%-7% of patients presenting for SAVR in North America are considered high-risk patients. 4, 9 The difficulty in drawing distinct global guidelines for high-risk patients is partially due to the variability in determining what defines "high risk". The most common tools in helping to guide decision-making are the standardized surgical scoring systems, which solicit an estimated risk of operative mortality for each individual patient. These are the Society of Thoracic Surgeons Predicted Risk of Mortality (STS PROM) and the European System for Cardiac Operative Risk Evaluation II (EuroSCORE II), which is an updated version of the traditional logistic EuroSCORE. Although primarily designed to predict the risk of 30-day mortality after SAVR based on a number of demographic and procedural variables, they are widely used to classify patients prior to transcatheter interventions, and both have shown to be adequately and significantly calibrated in association with TAVR. 10, 11 The US national Transcatheter Valve Therapies registry is also expected to release a short-term TAVR-specific risk model soon.
In the landmark PARTNER Trial preceding the FDA approval of the balloon-expandable valve in the USA, a patient was considered high risk if the STS PROM score was 10% or greater for death and the surgeons' assessment of the mortality risk was .15% but ,50%. 12 Similarly, in the pioneering pivotal trial of the self-expanding valve, patients were considered to be at increased surgical risk if two cardiac surgeons and one interventional cardiologist at the investigative site estimated that the risk of death within 30 days after surgery was 15% or more, but the risk of death or irreversible complications within 30 days after surgery was ,50%. 13 Beyond these large randomized prospective trials, studies have used criteria such as logistic EuroSCORE .15% 14 or .20%, [15] [16] [17] EuroSCORE of 9% or greater, 18, 19 STS PROM score .15% 20 or .8%, 9 or age .75 years 17,21 or 80 years 14 as definitions of high surgical risk.
Frailty
It should be noted that neither the STS PROM nor the EuroSCORE II comprehensively cover a variety of factors often considered very important for the clinical team such as patients' functional status and frailty. 22 The biological syndrome of frailty is characterized by diminished physiological reserve and weakened ability to respond to stressors 23 
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TAvR vs SAvR for aortic stenosis concept particularly relevant since nearly 40% of patients receiving aortic valve replacement are 75 years or older. 24, 25 Factors such as disability, mobility impairment, cognitive impairment, mood disturbance, malnutrition, polypharmacy, fall risk, and social isolation are not reflected in surgical risk scores but may have a significant impact on how a patient recovers from SAVR or TAVR. 26 Currently, there are over 20 different tools proposed to identify frail patients. Several studies have shown that frailty, defined by various metrics, is associated with higher postoperative early and late mortality after cardiac surgery. 27, 28 Stortecky et al have shown that Multidimensional Geriatric Assessment-based risk scores can predict all-cause mortality and major adverse cardiovascular and cerebral events in elderly patients undergoing TAVR, 29 and others have suggested that frailty is predictive of 1-year, but not 30-day mortality in TAVR patients. [30] [31] [32] Frail elderly patients may have smaller gains in functional status after TAVR or SAVR, and they may require multidisciplinary interventions, such as nutrition consultation and exercise-training programs, to achieve desired outcomes. 33 Thus, it is not uncommon today for surgeons and cardiologists to consult geriatricians when frail or extremely elderly patients are considered for TAVR. 34 Thus, while the standardized scores are used as a guideline, the definitive operative decision for SAVR or TAVR is made in an individual institution by a specialized multidisciplinary heart team, a process that is challenging to standardize across surgical programs.
The intricacies of patient selection to SAVR or TAVR and the key role of the heart team have been expertly explored in a recent review by Agarwal et al, and key steps are summarized in Figure 1 . 35 The wide variety in the criteria of high risk not only explains why an exact threshold that defines whether a patient is more suitable for TAVR than SAVR has not been defined, but also highlights the complex decision-making process that each institution must complete in this cohort of often old, frail, and multicomorbid patients.
Modern SAVR
The first SAVR was performed in the 1960s 36 and remains the gold standard treatment for AS. The quest for disruptive technology such as TAVR stemmed from the fact that an increasing population of patients with severe, symptomatic AS were considered to be ineligible for SAVR due to the relatively high-risk profile of open-heart operations. In the early 2000s, the operative mortality for SAVR was reported as greater than 8%. 37 Today, ∼20,000 patients undergo first-time isolated SAVR in the USA annually and 80% of them are classified as "low risk" for the procedure. Contemporary operative mortality for this surgical cohort has been reported as 2.4%-2.8% (1.7% for the low-risk patients, 5.4% for the medium-risk patients, and 11.9% for the high-risk patients). 4, 38 While the number Research Reports in Clinical Cardiology downloaded from https://www.dovepress.com/ by 54.70.40.11 on 26-Oct-2019 For personal use only.
of medium-and high-risk patients undergoing SAVR has increased in the recent decade, the overall operative mortality has not risen, most likely indicating improvements in modern pre-, per-, and postoperative care. 4 Operative morbidity associated with SAVR has remained very similar throughout the last decade with atrial fibrillation quoted as the most common complication (∼15%-25%), followed by prolonged ventilation (10%), renal failure (4%), reoperation for bleeding (4%-6%), pneumonia (3%), stroke (1.5%-1.8%), multiorgan failure (1%), and deep sternal infection (0.3%). 4, 38 As an open heart procedure utilizing cardiopulmonary bypass, SAVR, rather unsurprisingly, has been associated with more bleeding complications than its less invasive TAVR counterpart. 39 Analysis from the PARTNER Trial cohort indicated that not only was bleeding in association with SAVR two to three times more frequent than in TAVR, but it was also more severe resulting in higher rates of kidney injury as well as 30-day and 1-year mortality. 39 Perhaps due to hemodilution in the cardiopulmonary bypass circuit, patients with baseline anemia are especially likely to require transfusion, and the SAVR cohort has been shown to receive more red blood cell units than TAVR patients overall. 14, 39 The adverse effects of preoperative anemia, operative bleeding, and transfusion are complex and remain poorly understood in both SAVR and TAVR.
Sternotomy coupled with utilization of cardiopulmonary bypass is known to elicit a systemic inflammation reaction (SIRS) and render the patient susceptible to potential coagulation perturbations. Intuitively, SIRS occurs more commonly after SAVR than TAVR and has the greatest effect on mortality in patients with diabetes, who are already in a pro-inflammatory state prior to the procedure. Despite varying mechanisms, severe SIRS is associated with a higher mortality after SAVR, while a similar association has not been found in TAVR. 40 
TAVR and common complications
The overall 30-day mortality after TAVR has been reported to be 3.4%-12.7% in large multicenter registries and randomized controlled trials (RCTs). 35 Traditionally, the most common complications are identified in the original RCTs as vascular complications (5.9%-30.0%), bleeding (9%-28%), paravalvular regurgitation (6.7%-12%), new-onset atrial fibrillation (1.0%-9.0%), rhythm disturbances requiring a pacemaker (3.4%-19.8%), and stroke (2.3%-6.7%). 2, 12, 13 In the US national registry (the STS/American College of Cardiology TVT Registry, which has documented TAVRs in the USA after FDA approval), major complications included stroke (2.0%), dialysis-dependent renal failure (1.9%), and major vascular injury (6.4%). 41 It is important to note that the complication rates may significantly vary based on the TAVR approach used, mostly determined by the intrinsic patient factors that assign the patient into each access group. For example, a recent metaanalysis showed that post procedure acute kidney injury (AKI) and the need for renal replacement therapy are significantly lower when the patient is operated with the TF access compared with the TA approach. 42 The key differences in patients and outcomes between TF and alternative access TAVR are topics that are extensively discussed elsewhere, 41, 43 whereas the following section focuses on typical TAVR complications in the patient cohort as a whole.
vascular complications and bleeding
Vascular complications are often associated with TAVR access and the manipulation of the relatively large caliber delivery sheaths in more peripheral vessels, or valve oversizing and over-inflation (in the case of the balloon expandable valve) in the unforgiving aortic root. Although the very first TAVR studies reported vascular complication rates as high as 20%, 39 modern data quote incidence as low as 1% in selected populations, 44 most likely reflecting the learning curve and device development of TAVR. It is anticipated that within the next few years, the majority of the transfemoral sheaths will be smaller than 16 F.
Just like in SAVR, procedural bleeding events after TAVR are frequent and have been shown to be associated with worse prognosis. 45, 46 Currently, major life-threatening bleeds occur in ∼3.5%-13.6% of the TAVR overall population. 13, 41 They are often related to the technical challenges of vascular complications, but the phenomena are not synonymous. A recent study also demonstrated a 6% incidence of late bleeding complications ($30 days after TAVR), mostly of gastrointestinal tract and neurological origin. 47 These late bleeds resulted in a fourfold increase in late mortality, a significant finding especially given that most TAVR patients are on dual antiplatelet therapy for the first 6 postoperative months.
Paravalvular leakage
Paravalvular leakage (PVL) occurs when the replacement valve is not tightly sealed within the aortic annulus, often due to either suboptimal sizing or positioning or heavy calcification in the native valve and annulus. This complication is mostly unique to TAVR, where the native valve leaflets 
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TAvR vs SAvR for aortic stenosis (instead of being excised like in SAVR) are displaced by the prosthetic valve, potentially affecting the anchoring of the valve system. Many European registries along with the PARTNER cohort have demonstrated an association with more than mild PVL and mortality after TAVR. 12, [48] [49] [50] Since these detrimental effects were initially noted in the medical community, several adjustments have been made in TAVR protocols worldwide to minimize PVL. It is now routine practice to use computed tomography imaging in addition to echocardiography when determining the appropriate size for the prosthetic valve. Moreover, the intraoperative use of balloon-sizing can be performed in cases where there is discrepancy between the computed tomography scans and echocardiography. 51, 52 Immediate perioperative balloon dilatation to minimize PVL is routinely undertaken if PVL is discovered during the operation. In those implantations that are noted to be too ventricular or aortic, a second TAVR valve prosthesis can be inserted.
The challenge of PVL can be partially overcome by technology and device development, as well as operator experience. The most recent reports of the third-generation SAPIEN 3 (Edwards Lifesciences Inc.) are already addressing the major deficiencies of earlier valves in terms of ease of use, accuracy of positioning, and paravalvular sealing, reporting mild PVL rates of 7% compared with the traditional 10%-12%, and no moderate leaks at 30 days after TAVR. 53, 54 
Rhythm disturbances
New-onset conduction disturbances, particularly new left bundle branch block, occur frequently after TAVR. Rhythm disturbances may stem from the fact that the transcatheter valve deployment can affect conduction pathways, the landmarks of which are not directly visualized during the percutaneous procedure. Direct mechanical injury of the left bundle branch and inflammation created by the stent containing the valve prosthesis are also potential mechanisms. 55 Conduction difficulties are most often cited with the use of the self-expandable transcatheter valve, perhaps partially due to the continued expansion of the nitinol over the ensuing days. New pacemaker requirement has been described at significantly different percentages between the two types of valves, affecting ∼6%-10% of patients who undergo TAVR with the balloon-expandable Edwards SAPIEN valve and 30%-83% of those operated with the self-expandable CoreValve. 41, 56, 57 While data have not conclusively shown increased pacemaker requirement rates between TAVR with the balloon-expandable valve and SAVR, TAVR with the self-expandable valve is associated with higher postoperative pacemaker requirement rates than SAVR. 13 Whether pacemaker requirement affects survival and other clinical outcomes in the mid-and long-term is unclear; however, it does appear that left ventricular (LV) function deteriorates after pacemaker placement. 58 
Stroke
The PARTNER trial demonstrated an increased risk of operative stroke and transient ischemic attack in the TAVR patients compared with SAVR patients. 2, 12 In cardiac procedures, most neurologic consequences are attributed to emboli dislodged during manipulation of atherosclerotic vessels, 59 and undoubtedly, the larger first-generation devices crossing the aortic arch played a significant role in this finding. However, temporary circulatory disruptions during balloon valvuloplasty (BAV) or rapid ventricular pacing can also lead to periods of suboptimal cerebral perfusion and ischemia in association with the deployment of the balloon-expandable valve. 60 Furthermore, the BAV and deployment of the transcatheter valve can expose valvular calcium deposits, tissue factor, and thrombin reserves from the diseased native valve into the circulation, triggering coagulation cascades and platelet activation leading to increased thrombogenicity, 61 accounting for some of the neurological challenges in TAVR.
Modern comparisons have, however, largely mitigated the difference in stroke risk in TAVR compared with SAVR, and it is likely that the aforementioned technology development leading to smaller devices manipulated in the aortic arch has neutralized the risk profile between the interventions. In a recent study specifically examining neurological outcomes in patients with AS, there were no differences in overall neurologic injury, cerebral embolic load, ischemic lesions, and oxygen desaturation in patients undergoing SAVR or TAVR. 62 For both SAVR and TAVR, it is extremely interesting to see if the embolic protection devices influence the horizon of neurological outcomes. Since the proof of concept for embolic protection devices in the setting of TAVR was demonstrated in 2010, 63 preclinical and early clinical data have shown considerable promise for these devices in terms of technical success and safety. Aiming to reduce cerebral burden of embolic debris by either capturing or deflecting embolized material preventing access to the supra-aortic-cerebral trunks, these devices can be utilized in both SAVR and TAVR settings. With three different embolic protection devices already in clinical phase, we should expect results from larger trials soon. 64 
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Comparison of TAVR and SAVR data -caution advised
Compared with the very established SAVR, TAVR technology is following not only operative and institutional learning curves, but is also affected by the rapid development of the valves themselves, as well as the accompanying delivery systems. Thus, the largest cohorts reported to date either span a variety of technologies or exclusively focus on firstgeneration devices, and this should be noted when analyzing outcomes.
Of further consideration, the route used for TAVR access is not insignificant. TF-TAVR, as the most minimally invasive method, is widely recognized as the primary choice for any patient. If a patient is eligible for TF-TAVR, very few institutions would consider alternative access. Thus, it is generally agreed that alternative access (non-TF) patients are inherently of higher risk than their TF counterparts. The introduction and adoption of the various alternative access methods have been fluid and institution-driven, with heavy reliance on operator preference and expertise. As an example, in a very demonstrative report from a highvolume US TAVR center, the 1-year mortality of TA-TAVR patients dropped from 16.9% to 4.7% when the investigators compared the first 3 years in the TAVR experience with the latest 3 years. 65 As illustrated earlier, comparing results between SAVR and TAVR is peppered with potential landmines the reader should aim to avoid. We urge that the following is kept in mind when analyzing data that compares SAVR and TAVR: 1. SAVR has been performed for .50 years, TAVR for approximately a decade.
Device design and development has been rapid in TAVR,
with new generations of valves and delivery technology emerging every year. 3. TAVR operative technique has also evolved almost on an annual basis; there are now six recognized access routes, often denoting different patient populations, each with their own learning curves.
The boundaries between low-, intermediate-, and high-
risk patients are being crossed and transformed in both SAVR and TAVR populations. Patient selection and definition of eligibility for either procedure are not universally standardized, but generally, in data published thus far, TAVR "as treated" patients are a considerably higher risk population than SAVR. The non-inferiority and similarity in adjusted mortality outcomes have been thoroughly shown in SAVR vs TAVR. In a recent meta-analysis of 39 statistically robust studies comparing SAVR and TAVR (three RCTs, ten propensity-scorematched studies, five case-matched studies, and two adjusted studies) comprising of 13,130 patients, it was concluded that when adjusted for the baseline patient characteristics, SAVR and TAVR have a similar risk for 30-day mortality, stroke, myocardial infarction (MI), and AKI. However, SAVR patients required transfusion more often and had a higher incidence of postoperative new-onset atrial fibrillation (AF) than TAVR patients. On the other hand, patients who underwent TAVR had a higher risk of developing moderate or severe aortic regurgitation, primarily paravalvular. 66 A very recent 1,000+ patient real world dataset supported these findings as the authors demonstrated no difference in mortality between patients undergoing TAVR or SAVR during a 3-year follow-up, but showed a TAVR-related increase in major vascular complications, new pacemaker implantation, and aortic insufficiency and a SAVR-related increased bleeding risk. 67 The recently published CoreValve trial in high-risk patients was the first to suggest a significantly higher rate of survival at 1 year with TAVR compared with SAVR. In addition to TAVR being non-inferior with respect to echocardiographic indices of valve stenosis, functional status, and quality of life, 1-year survival was superior compared with SAVR (all-cause mortality 14.2% vs 19.1%, P,0.0001 for non-inferiority, P=0.04 for superiority). Within this trial, exploratory analyses also suggested a reduction in the rate of major adverse cardiovascular and cerebrovascular events in TAVR patients. 13 It is clear that these results must be validated within real-life patient cohorts, which tend to be more diverse than the patients enrolled in rigorous clinical trials.
As main operative outcomes seem to be similar in the bulk of published material, measures such as patient functional status and quality of life are important parameters in considering treatment options, especially in this often elderly and comorbid population. In high-risk patients with severe AS, health status and quality of life have been shown to improve substantially between baseline and 1 year after either TAVR or SAVR. 68 TAVR via the transfemoral, but not the transapical route, was associated with a shortterm advantage compared with SAVR in this PARTNER subgroup analysis, paving the way for more detailed studies of the "minimalist" 6 or "fast-track" 7 TAVR for eligible patients in achieving a prompt and sustainable improvement in functional status and quality of life after relief of AS. 
Patient groups with special considerations
Patients with previous cardiac surgery
A redo sternotomy has been identified as an operative risk factor for patients undergoing SAVR, 69 but surprisingly, in a subgroup analysis of the PARTNER cohort, it seemed that SAVR, not TAVR, led to better outcomes in this subgroup. 70 The TAVR patients demonstrated greater PVL, more frequent repeat hospitalization, increased rate of composite outcome of all-cause mortality and stroke, poorer functional class at 2 years, as well as a trend toward higher mortality at 2 years, after the procedure than SAVR patients. In contrast, a recent institutional study from Emory University showed all-cause 30-day mortality of 1.9% for TAVR and 4.1% for SAVR (P=0.32) in patients with a previous coronary artery bypass graft, a result that marginally favored TAVR after risk adjustment (P=0.07). 71 Postoperative morbidity and resource utilization were significantly higher in the SAVR patients, and midterm survival was similar between the two groups after risk adjustment, prompting the question whether the initial findings from the PARTNER trial were more reflective of the lower operative success of the emerging TAVR procedure rather than a true benefit for SAVR patients. Overall, this patient group requires diligent screening by the heart team to identify and weigh the risks of the previous sternotomy.
Patients with renal failure
Preexisting renal dysfunction is common among patients undergoing SAVR with up to 75% of patients diagnosed with some level of impairment. 72 Postoperative AKI is a feared complication that is understandably very prevalent in this subgroup of patients. In SAVR, cardiopulmonary bypass is considered to play a major role in the development of AKI by causing hemodilution, a generalized inflammatory state, as well as hypotension from low pressure and flow rates. In TAVR, some factors contributing to postoperative AKI are the use of contrast agents, hypotension from ventricular rapid pacing, and cholesterol emboli from catheter manipulation. 73 In a recent meta-analysis of twelve studies including .90,000 SAVR patients and 26 studies with .6,000 TAVR patients, AKI occurred in 3.4%-43% of SAVR cases and in 3.4%-57% of TAVR cases, the wide range of incidence due to vastly different definitions of AKI. The 30-day mortality for patients with AKI following SAVR ranged from 5.5% to 46%, and patients who developed AKI after TAVR had a mortality rate of 7.8%-29%, these rates being 2-16 times higher than in patients without AKI after the procedure. 73 Some studies comparing SAVR and TAVR in this challenging patient group have demonstrated an advantage of TAVR, showing worsening renal function leading to increased in-hospital mortality, hospital length of stay, and intensive care unit length of stay in SAVR patients, but not in TAVR patients. 74 Even bearing in mind contrast-induced nephropathy, accepted as a common cause of acute renal failure, 75 this would suggest that the threshold for utility vs futility is lower for TAVR, and patients with severe renal dysfunction could be considered for TAVR on a case-bycase basis even when ruled inoperable for SAVR. Whether patients of intermediate risk but with a degree of renal dysfunction should be predisposed to TAVR over SAVR is a question to be answered in larger prospective clinical trials specifically targeting this interesting and challenging cohort.
Patients with low ejection fraction
LV dysfunction portends an increased risk of perioperative mortality in patients undergoing SAVR, 76 and data from nonrandomized analyses have suggested that TAVR is associated with superior postoperative LV ejection fraction recovery, but similar periprocedural mortality compared with SAVR. 77 A subgroup analysis from the PARTNER trial demonstrated, however, that mortality rates and LV functional recovery were comparable between valve replacement techniques. 78 It is interesting to note that in patients with moderate to severe preoperative mitral regurgitation, increased 2-year mortality was observed after SAVR, but not after TAVR, 79 perhaps suggesting an advantage of TAVR in patients where mitral regurgitation is the etiology behind poor LV function.
Patients with diabetes
Diabetes is a known risk factor for cardiac surgery interventions and SAVR is no exception. 80, 81 Interestingly, among patients with diabetes and severe symptomatic AS at high risk for surgery, a stratified analysis of the PARTNER trial suggested there is a survival benefit, no increase in stroke, and less renal failure from treatment with TAVR compared with SAVR. 40 Severe SIRS was associated with a higher mortality after SAVR or TAVR, occurred more commonly after SAVR, and had a greater effect on mortality in patients with diabetes. 82 Beyond and in addition to diabetes, the contemporary issues of exponentially increasing obesity and metabolic syndrome are extremely intriguing fields to direct future studies as preliminary data seem to indicate that the relationship between these conditions and operative risk do not Research Reports in Clinical Cardiology downloaded from https://www.dovepress.com/ by 54.70.40.11 on 26-Oct-2019 For personal use only.
appear identical between SAVR and TAVR. Yamamoto et al recently published a report stating that outcomes were not detrimental in underweight (body mass index ,20) patients undergoing TAVR, 83 while body mass index below normal has been identified as a risk factor for SAVR. 84 Although these findings remain to be validated in larger cohorts, the clinical implications are significant if future studies can show that patients who are obese and diabetic would fare better with one procedure than another.
Cost considerations
Due to the inherently more minimally invasive nature of TAVR, the issue of potential improved cost-effectiveness has been extensively discussed. Within the PARTNER Trial cohort, 12-month costs and quality-adjusted life years were comparable in both SAVR and TAVR. However, in the subgroup of patients undergoing TAVR via a transfemoral approach, the most minimally invasive access route, TAVR resulted in cost savings of ∼$1,250 per patient and led to a modest gain in quality-adjusted life years. 85 A recent European review concluded that in countries with relatively low health-care costs, TAVR is not likely to be cost-effective compared with SAVR in patients with intermediate risk for surgery, mainly because of the high cost of the valve compared with the cost of hospitalization. 86 However, the authors suggested that TAVR could be cost-effective in specific subgroups and in countries with higher hospitalization costs. In terms of cost-effectiveness, the subgroup of TAVR patients who are eligible for a "minimalist" 6 or a "fast-track" 7 transfemoral TAVR are a promising cohort for investigation and may well demonstrate enhanced benefits in this field.
Mid-term and long-term follow-up
In the longer term, the most comparable data between SAVR and TAVR come from the cohorts of RCTs. The 5-year follow-up of the PARTNER Trial with the first-generation balloon-expandable valve was recently published, reporting 5-year mortality of 67.8% after TAVR and 62.4% after SAVR (P=0.76). 87 Although strokes at 1 year tended to be more frequent with TAVR (6.0% vs 3.2%, P=0.08), strokes at 5 years were similar for both therapies (TAVR 10.4% vs SAVR 11.3%, P=0.61). Echo-derived valve hemodynamics (gradients and areas) were similar for TAVR and SAVR, but moderate or greater aortic regurgitation occurred more frequently in TAVR patients and was associated with increased 5-year risk of mortality. No structural valve deterioration required surgical valve replacement in either group.
Beyond the RCTs, reports from Europe, where TAVR has been used for significantly longer than in the USA, are interesting but suffer from the quick transitions characterizing this novel and rapidly evolving technology. A group from Munich described their TAVR experience in 420 patients over a 3-year period, reporting that the mean age of patients decreased from 81 to 79 years and the Society of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) decreased from 7.1% to 4.8%. 88 As expected, the 30-day observed mortality decreased from 11.4% to 3.8% at 30 days and 6-month death rate declined from 23.5% to 12.4%, enforcing the message that the realm of TAVR is quickly changing and outcomes need to be assessed on a rolling basis.
In terms of structural valve deterioration, the results of TAVR patients are still nascent compared with the staggering SAVR experience, which includes studies with up to 30-year follow-up with a reported 99%-99.8% freedom from reoperation for structural valve deterioration in patients aged .70 years. 89, 90 While no significant deterioration has been reported thus far, the durability and hemodynamic function of TAVR valves need to be assessed for a considerably longer follow-up period, especially since we expect this technology in the future to be implanted in younger patients.
Establishment of a TAVR program
As popularity and target audience for TAVR grows, more institutions wish to establish a dedicated TAVR program. The required infrastructure and room requirements have been thoroughly described in a previous article. 91 Other publications have also described the steps necessary to train not only physicians from various specialties, but the entire supportive and administrative team. 92, 93 This process is currently best summarized by the multisociety consensus documents on TAVR. 94, 95 Like any surgical or interventional procedure, TAVR is found to have a learning curve, which has been quoted to be approximately 30 cases per team. 96 However, excellent early outcomes have recently been reported by newly initiated relatively low-volume centers, 97 suggesting that the learning curve may be truncated when a constant integration of lessons learned from larger published experiences is present. 98 If primary operators receive extensive prior training at highvolume centers, the heart team is appropriately trained and involved, rigorous patient screening is applied, and use of multimodality imaging techniques is routine for the institution, a TAVR program may be established with a diminutive learning curve. 98 Research Reports in Clinical Cardiology downloaded from https://www.dovepress.com/ by 54.70.40.11 on 26-Oct-2019 For personal use only.
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Conclusion
Comparisons between SAVR and TAVR published to date have largely been done between patient cohorts that have at least mid-term follow-up. This means that many patients included in these analyses were operated on in the initial era of TAVR technology and experience. With the constant evolvement of transcatheter valves and delivery systems, as well as the operational and institutional learning curves, it is very likely that the most common current complications of TAVR such as vascular complications and paravalvular leak will diminish in the future.
As TAVR evolves, the target population grows. Trials are underway assessing its use in intermediate-risk populations, while simultaneously modern SAVR is accepting more high-risk patients than a decade ago. This means that the populations are converging and continuous, year-by-year examination of outcomes is warranted. It is likely that TAVR will expand to cover many patients in the intermediate-risk group as the outcomes continue to improve. However, due to the excellent contemporary results of SAVR, there is thus far not enough data to suggest that transcatheter technology would completely replace SAVR.
Despite a stunning number of publications in the field of TAVR and SAVR, no study or registry has yet distilled a flawless algorithm for patient selection between these two operations. To a large extent, we foresee the crucial role of the multispecialty heart team executing a case-by-case assessment of patient selection as the prerequisite of continued operational success regardless of the intervention chosen.
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